Background {#Sec1}
==========

The epidemiology of infectious diseases (IDs) is a composite of several environmental, behavioral, social, and biological variables, including the selective effect of drugs or vaccines, and other unpredictable events that can change over time and have potentially important effects on global health. It is estimated that IDs are the second leading cause of death worldwide after cardiovascular diseases \[[@CR1]\]. Respiratory infections, diarrheal diseases, human immunodeficiency virus acquired immunodeficiency syndrome (HIV/AIDS), tuberculosis (TB), and malaria account for 18.3% of all causes of death in 2004, although major differences in their ranking exist between high- and low-income countries \[[@CR1]\].

Communicable diseases remain a major health threat in Europe, although there are wide differences among the World Health Organization European regions. In the "Health at a Glance: Europe 2012" more than 6,000 new hepatitis B cases, with a mean rate of 2.0/100,000 population, and 27,000 newly diagnosed HIV infections were reported by EU member states \[[@CR2]\].

The public health importance of IDs and communicable diseases is mostly related to the continuing threat of epidemic/pandemic events), the emergence of new diseases and re-emergence of old diseases, the threat of imported diseases or pathogens, and the emergence of multidrug or pan-drug resistant organisms \[[@CR3]--[@CR13]\].

Hospital ID departments are a useful source of surveillance data that can indicate changing healthcare requirements. For example, a great effort was made In Italy in the late 1980s to tackle the AIDS epidemic, with an increase in the overall number of hospital beds to deliver services to HIV-infected inpatients. Twenty years on, the healthcare needs of HIV-infected patients have changed, and they are now mainly followed up as outpatients. In 2010, the overall rate of hospital discharge of HIV/AIDS patients was 3.9/10,000 compared with 29.87/10,000 inhabitants for other IDs excluding AIDS (ICD-9 codes 001--139) \[[@CR14]\]. Over the same period, however, there has been an increasing need for hospital admission for several other infectious or communicable diseases.

The rapid and often unpredictable changes in the epidemiology of IDs, the significant burden on public health and the global economy, the breakthroughs in the field of prevention, and the new treatment opportunities for acute and chronic infectious diseases require ongoing evaluation in order to formulate appropriate healthcare and public health strategies. In particular, several structural and organizational choices for ID departments and related services must be made in relation to changing healthcare needs and priorities.

This study determined the temporal trends of hospitalizations in an ID department in the period 1995--2011 after the introduction of hospital funding on a "per case" basis (1995), classified according to the Diagnosis Related Group (DRG) system in Italy. The aim of the study was to evaluate changes in healthcare needs of patients admitted to an ID department and to provide some evidence for structural and organization changes in healthcare delivery for patients suffering from infectious or communicable diseases.

Methods {#Sec2}
=======

We retrospectively analyzed the discharge diagnosis of all patients admitted to the ID Department of L Sacco University Hospital between January 1995 and December 2011. This Department is a referral center for acute and highly communicable infectious diseases in Northern Italy. It provides the clinical care and follow-up of patients older than 18 years suffering from viral, bacterial, and parasitic diseases. Patients affected by gynecological infections are admitted to Gynecology/Obstetrics Departments. The ID department includes outpatient wards and day hospital services, a specific emergency room, and wards for hospital admissions (87 beds). The ID specialists on 24-hour duty at the Emergency Department of the Hospital decide on the admission of patients with suspected infectious or communicable diseases to their own Department according to triage rules, and to epidemiological and/or clinical priorities. Patients who need intensive care are primarily admitted to the intensive care unit and not to the ID department.

From the patient records, we collected demographic information, up to six discharge diagnoses and up to six procedures per hospitalization, the DRG, and the number of days of in-hospital care. The ICD-9 codes were classified into 25 groups (Major Diagnostic Categories (MDC) version 24) of related conditions which accounted for all the DRGs at discharge, and the MDCs were evaluated for their trends over time.

As surrogate markers of clinical complexity we used the number of ICD-9 codes for diseases (ICD-9c) and procedures (ICD-9p) notified in the hospital discharge card, the hospital length of stay (LOS), and the hospital stay over threshold (HSOT; days of hospitalization over the limit for the specified condition defined by national average data).

We examined temporal trends of hospitalization according to the demographic characteristics of the population: sex, age, and age group.

Statistical analysis {#Sec3}
--------------------

The D'Agostino and Pearson omnibus normality test was used for the descriptive variables to assess their distribution. The unpaired *t*-test with Welch correction and the Mann--Whitney *U* test were used to compare the mean or medians of parametric and non-parametric values respectively. A p-value \< 0.05 was considered statistically significant.

Linear regression was used to estimate the trends in hospitalization for each MDC according to sex, age, geographical origin of the patients, number of ICD-9c and ICD-9p, and in-hospital LOS. Estimates of the mean annual change were based on the slope of the regression line. Analyses were conducted with the GraphPad Prism version 4.02 for Windows (GraphPad Software, San Diego, CA, USA).

Multivariate linear regression analysis was performed for hospital LOS, including age group and sex in the model. The association between HSOT and demographic and clinical characteristics was evaluated by logistic regression. To account for the effects of several potential confounding factors, we used unconditional multiple logistic regression, with maximum likelihood fitting, to obtain odds ratios and their corresponding 95% confidence intervals. Included in the regression equations were sex, geographical origin of the patients, age group, and number of ICD-9c and ICD-9p. Multivariate analyses were performed using the SAS/STAT software package version 9.1 (Cary, NC, USA).

The study was approved by the local Ethical Committee on July 2013 (Protocol N 509/2013/73/ap) and was conducted in accordance with the Helsinki declaration.

Results {#Sec4}
=======

Between January 1995 and December 2011, there were 26,253 admissions to the ID department. The mean number of annual hospital admissions was 1544 ± 200.4. In total, there were 17,719 (67.49%) males and 8,534 females; the median age was 42.4 years (interquartile range (IQR): 34.3--57.7 years); median hospital LOS was 10 days (IQR: 6--19 days). Foreign-born patients accounted for 19.67% of the total admissions.

Trend in hospital admissions by MDC {#Sec5}
-----------------------------------

Table [1](#Tab1){ref-type="table"} presents the crude number of admissions for specified conditions in the whole period, in the first and last year of observation, the slope of linear regression for trend, and its deviation from zero. Overall, the number of admissions for MDC-25 (HIV/AIDS) was by far the highest (44.4%), followed by MDC-07 (diseases and disorders of liver, gallbladder and pancreas) (12.68%), MDC-18 (infectious and parasitic diseases) (11.34%), and MDC-04 (diseases and disorders of the respiratory system) (9.96%). Within MDC-07, acute and chronic viral liver diseases (DRG 205, 202, 206) accounted for 87.14% of the cases; within MDC-18, infectious diseases, sepsis, viral infections and fever of unknown origin (DRG 423, 416, 421, 420, 576) accounted for 89.89% of cases; within MDC-04, pneumonia, other respiratory infections, and chronic obstructive pulmonary diseases (DRG 89, 90, 79, 80, 88) accounted for 82.52% of the cases.Table 1**Overall number of admissions for specified conditions (MDC), and number of admissions in the first and last year of observation**AdmissionsUnadjusted modelAdjusted modelMDCDescriptionPeriod 1995-201119952011Slope ± SDDeviation from zero - p valueSlope ± SDDeviation from zero - p value sex- and age-adjustedN%N%N%01Diseases and disorders of the nervous system7092.70171.58281.76−0.61 ± 0.960.53−0.61 ± 0.660.37 ^a^02Diseases and disorders of the eye620.2430.2880.500.093 ± 0.160.57//03Diseases and disorders of the ear, nose, mouth and throat3391.2980.74241.50**1.0 ± 0.390.020.81 ± 0.290.006** ^**b**^04Diseases and disorders of the respiratory system26149.9680.7423514.73**15 ± 1.9\<0.000114.5 ± 1.48\<0.0001** ^**a,b**^05Diseases and disorders of the cardiovascular system4431.6920.19412.57**1.7 ± 0.610.0141.51 ± 0.450.001** ^**a,b**^06Diseases and disorders of the digestive system9533.6390.83764.762.6 ± 1.30.064**1.87 ± 0.840.03** ^**b**^07Diseases and disorders of liver, gallbladder and pancreas332912.68555.101599.970.92 ± 3.00.0760.92 ± 2.320.69 ^a^08Diseases and disorders of the musculoskeletal system and connective tissue6292.4050.46603.76**4.3 ± 0.56\<0.00013.85 ± 0.59\<0.0001** ^b^09Diseases and disorders of the skin, subcutaneous tissue and breast8963.4190.83623.891.5 ± 1.20.231.03 ± 0.800.20 ^b^10Endocrine, nutritional and metabolic diseases and disorders720.2710.0960.380.076 ± 0.170.65//11Diseases and disorders of the kidney and urinary tract4321.6510.09523.26**2.3 ± 0.450.00011.91 ± 0.490.0003** ^b^12Diseases and disorders of the male reproductive tract650.2510.0990.560.22 ± 0.130.098//13Diseases and disorders of the female reproductive tract310.1210.0910.06−0.014 ± 0.0930.88//14Pregnancy, childbirth and puerperium20.010/0/////15Diseases and disorders of the neonatal period10.000/0/////16Diseases and disorders of blood, myelopoietic and immune system2380.91100.93171.070.53 ± 0.300.100.53 ± 0.300.1817Diseases and myeloproliferative disorders and poorly differentiated tumors3801.4510.09150.940.50 ± 0.660.46−0.32 ± 0.440.46 ^**a,b**^18Infectious and parasitic diseases (systemic or unspecified sites)297811.35232.1333320.88**14 ± 2.0\<0.000114.00 ± 1.68\<0.0001** ^**a**^19Diseases and Mental Disorders280.1110.0910.06−0.21 ± 0.170.25//20Abuse of alcohol / drug induced organic mental disorders270.1010.0910.06−0.33 ± 0.200.14//21Injury, poisoning and toxic effects of drugs1270.4820.1990.56−0.099 ± 0.320.76−0.08 ± 0.190.6322Burns20.010/0/////23Factors influencing health status and use of health services790.30211.9510.06**−0.79 ± 0.280.014//**24Multiple relevant trauma30.010/0/////25HIV infection1165744.4189783.2145228.34**−23 ± 6.00.002−22.52 ± 9.560.02** ^**a,b**^other DRG810.3110.0920.130.16 ± 0.150.28−0.19 ± 0.550.73 ^**a**^Pre MDC710.2710.0930.19−0.24 ± 0.210.28//Mean annual change based on the slope of the regression line in the crude and multivariate adjusted models.MDC with less than 100 observations have been excluded in the multivariate model adjusted for sex and class of age.^a^= significantly associated to sex; ^b^= significantly associated to age (≥45 years). Bold indicates statistically significant results.*MDC* Major Diagnostic Category, *DRG* Diagnosis-Related Group, *SD* standard deviation.

In the model adjusted for sex and age (\>45 years) a significant increase in admissions for infectious diseases of the ear, nose, mouth and throat (MDC-03), respiratory infections (MDC-04), infections of the cardiovascular system (MDC-05), infections of musculoskeletal/connective tissue (MDC-08), infections of the kidneys and urinary tract system (MDC-11), and unspecified infectious or parasitic diseases (MDC-18) was found over the period, while there was an overall decrease in HIV/AIDS admissions (−22.52 ± 6.0 cases per calendar year). All significant variations in hospital admissions were associated with age \> 45 years except for MDC-18 (infectious and parasitic diseases), which had variations associated with female sex.

The graph of hospital admissions for HIV/AIDS showed a rapid decline after 1996 (Figure [1](#Fig1){ref-type="fig"}), coinciding with the widespread introduction of highly active antiretroviral therapy (HAART). Nowadays, although HIV/AIDS remains the main cause of admission to the ID department, the proportion of admissions has fallen from 83.13% to 28.34% of all causes of admission, while the proportion of admissions for other MDC has progressively increased.Figure 1**Temporal trend in hospital discharge for selected MDC.**

Demographic data {#Sec6}
----------------

In 1995, when HIV/AIDS infection was the major cause of hospital admission to our ID department, the male/female ratio of admitted patients was 2.9:1. Over time a progressive narrowing of the gap was observed, for an increase in admissions of female patients (admissions slope ± standard deviation (SD), +19.05 ± 3.54; deviation from zero, p \< 0.0001) while the admissions for males remained constant.

The number of foreign-born patients was stable during the period (slope, +7.82 ± 3.83; no significant deviation from zero) while the number of Italian-born patients increased by +13.28 ± 5.41 for each calendar year (deviation from zero, p = 0.027).

The mean age of the patients increased by +1.2 ± 0.049 years per calendar year (linear trend, p \< 0.0001) from 37.02 ± 11.91 years in 1995 to 56.02 ± 19.62 years in 2011 (unpaired *t*-test with Welch's correction, p \< 0.0001).

In the analysis by age group, the overall increase in the mean age was a result of two opposite trends: an increase in hospital admissions of the oldest patients (slope, +20 ± 1.7 patients/year for those aged \>75 years and +12 ± 1.4 patients/year for those aged 65--74 years), and a decrease in admission of patients aged 25--34 years (slope, −30 ± 1.5 patients/year). In the last year of observation, the 45--54-year and the \>75-year age groups were the ages most frequently admitted (Figure [2](#Fig2){ref-type="fig"}).Figure 2**Mean age of patients admitted to the Infectious Diseases Department between 1995 and 2011, with slope of the regression line according to sex (a), and trends by age group and related slopes of the regression lines (b).**

Trend in severity data and in hospital LOS {#Sec7}
------------------------------------------

The mean number of ICD-9c/patient decreased from 3.1 ± 1.06 in 1995 to 2.7 ± 1.13 in 1999, then it increased again to reach 3.1 ± 1.55 in 2011, with an overall significant increasing trend (slope, + 0.015 ± 0.01; deviation from zero, p = 0.029). The number of ICD-9p/patients increased from 0.3 ± 0.62 in 1995 to 0.9 ± 1.3 in 2011 (slope, +0.035 ± 0.01; deviation from zero, p \< 0.0001).

The mean hospital LOS for all causes declined significantly from 25.17 ± 22.65 days to 15.33 ± 15.99 days (mean reduction, −0.43 ± 0.17 days/year). A dramatic drop in LOS was registered between 1996 and 1997, when major changes in the Italian healthcare system were implemented. To exclude this administrative effect, the analysis of trend of hospital LOS was restricted to the period 1998--2011. A significant decrease in hospital LOS for MDC-07 and −25 was observed. In the same period, hospital LOS increased significantly for MDC-05, −06, −08, −09, and −18 (Mann Whitney *U* test, p \< 0.01). The slope of the linear regression was significantly different from zero in the model, adjusted for sex and age group, for infections of the cardiovascular system (MDC-05), liver (MDC-07), infectious and parasitic diseases (MDC-18), and HIV/AIDS (MDC-25) (Table [2](#Tab2){ref-type="table"}). A high number of HSOT was observed for some common conditions: 81 cases (12.88%) for diseases of the musculoskeletal system and connective tissue (MDC-08), 247 cases (8.29%) for infectious and parasitic diseases (MDC-18) and 1996 cases (17.12%) for HIV/AIDS (MDC-25). For these conditions, the trend of HSOT tended to decrease for HIV/AIDS and to increase for MDC-18 and for MDC-08 (Figure [3](#Fig3){ref-type="fig"}a). The rate of HSOT was significantly related to age: in the last 5 years (2007--2011), the rate of HSOT increased by 1.12% for each 10-year age group and in the last year of observation this increase was particularly high (2.69% for each 10-year age group) (Figure [3](#Fig3){ref-type="fig"}b).

After excluding HIV-infected patients, the proportion of patients with HSOT was 5.96%. The commonest primary diagnosis of patients with HSOT was liver cirrhosis, followed by other infectious and parasitic diseases and sepsis. Figure [4](#Fig4){ref-type="fig"} illustrates the proportion of HSOT in patients with the 20 most common DRGs.Table 2**Comparison of median and IQR hospital LOS for specified conditions (MDC) for the years 1998/1999 and for the years 2010/2011; mean annual change in the period 1998--2011 based on the slope of the regression line adjusted for sex and age group, and its deviation from zero**MDCDescriptionN of patients (1998--2011)Median hospital LOS (IQR) in 1998/1999Median hospital LOS (IQR) in 2010/2011Mann Whitney U testSlope (±S D)Deviation from zero p-value, sex- and age-adjustedAll the patients2264910 (6--18)10 (6--18)0.20−0.02 ± 0.020.36b01D&D of the nervous system64512 (7--18)14 (8--20.5)0.230.23 ± 0.120.06b02D&D of the eye598 (5.5-18.5)9 (5--18)1.00//03D&D of the ear. nose. mouth and throat3276 (4.5-8)6 (3--10)0.860.003 ± 0.090.97b04D&D of the respiratory system256510 (6--17)9 (6--15)0.42−0.07 ± 0.060.24b05D&D of the cardiovascular system4289.5 (5--19)16.5 (9--42)**0.0006**1.47 ± 0.24**\<0.0001** ^**a**^06D&D of the digestive system9238 (4--13)11 (6--17)**0.0015**0.002 ± 0.090.98b07D&D of liver. gallbladder and pancreas298011 (6--18)9 (5--14)**0.0018**−0.24 ± 0.05**\<0.0001** ^**b**^08D&D of the musculoskeletal system and connective tissue61915 (8--22)19.5 (11.5-33)**0.0091**0.2 ± 0.210.32b09D&D of the skin. subcutaneous tissue and breast8657 (4--11)10 (6--17)**0.0001**0.17 ± 0.090.06b10Endocrine. nutritional and metabolic diseases and disorders708 (6--11.5)8.5 (4.5-10.5)0.95//11D&D of the kidney and urinary tract4238 (5.5-14.5)9 (5--15)0.95−0.20 ± 0.150.17b12D&D of the male reproductive tract628 (5.5-14)8 (5.5-10.5)0.90−0.47 ± 0.390.2413D&D of the female reproductive tract2912 (3.5-21.5)14 (8.5-20.5)0.79//14Pregnancy, childbirth and puerperium2/////15D&D of the neonatal period1/////16D&D of blood. myelopoietic and immune system21410 (7-22911 (6.5-18)0.61−0.25 ± 0.180.1617Diseases and myeloproliferative disorders and poorly differentiated tumors3744 (2--15)9.5 (5--16.5)0.060.003 ± 0.200.9918Infectious and parasitic diseases (systemic or unspecified sites)28117 (4--11)9 (5--20)**\<0.0001**0.26 ± 0.05**\<0.0001** ^**b**^19Diseases and Mental Disorders277 (4--14)////20Abuse of alcohol / drug induced organic mental disorders273.5 (2.5-8.5)////21Injury. poisoning and toxic effects of drugs1245.5 (3--10)8 (4.5-28)0.060.75 ± 0.35**0.034**22Burns2/////23Factors influencing health status and use of health services537 (3--9)////24Multiple relevant trauma3/////25HIV infection887012 (7--22)10 (6--18)**0.0044**−0.19 ± 0.04**\<0.0001**Pre MDC7653 (11--69)55.5 (24.5-74)0.95//other DRG7018 (17--22)////MDC with less than 100 observations have been excluded in the multivariate model adjusted for sex and age group.^a^= significantly associated with sex; ^b^= significantly associated with age (≥45 years).*LOS* length of stay, *D&D* diseases and disorders, *IQR* interquartile range.Bold indicates statistically significant results.*MDC* Major Diagnostic Category, *SD* standard deviation.Figure 3**Rate of hospital stay over threshold (HSOT) for specified conditions by year (1995--2011) (a), and by age group in 2011 and in the last 5 years of observation (2007--2011) (b).**Figure 4**Proportion of HSOT by the first 20 DRG with the highest proportion of prolonged hospitalization for all patients excluding HIV/AIDS.**

Patients with HSOT (excluding HIV/AIDS) were significantly older than patients who had a shorter hospital stay (median age: 59.12 years (IQR 39.8--74.23) vs 50.33 years (IQR 34.31--69.92). These patients also had a significantly higher number of ICD-9c and ICD-9p. In the univariate model, the odds ratio of HSOT was significantly higher for foreign-born patients, for patients older than 45 years, and for those with more than one ICD-9c or at least one ICD-9p on the discharge card. In the multiple logistic regression analysis, the number of ICD-9c and ICD-9p remained significantly associated with a longer hospital stay, while the geographical origin of the patient and the age group showed no significant association (Table [3](#Tab3){ref-type="table"}).Table 3**Univariate and unconditional multiple logistic regression analysis of the association of demographic and clinical characteristics of patients admitted for all MDCs (excluding HIV/AIDS) with long hospital stay**Hospital stay over threshold (HSOT)Hospital stay in thresholdp valueCrude OR (95%CI)Adjusted ^b^OR (95%CI)Males4937861\<0.41^a^1Females31552831.010.87-1.170.880.74-1.03Italian born people (Ref)66012181**\<0.0001** ^**a**^11Foreign born people148956**2.862.36-3.45**1.220.96-1.54Class of age**\<0.0001** ^**a**^15-24 years (ref)4810791125-34 years11624521.130.76-1.691.150.74-1.7835-44 years11224851.190.80-1.770.850.54-1.3245-54 years1231689**2.021.36-2.99**1.190.76-1.8455-64 years1191656**1.921.30-2.85**1.020.65-1.5965-74 years1671980**2.351.61-3.42**1.100.72-1.70\> 74 years1842279**2.341.61-3.40**1.080.70-1.75N of ICD-9 codes1 (ref)1184063**\<0.0001** ^**a**^1121223755**1.501.11-2.02**1.160.85-1.5831632684**2.832.14-3.751.871.38-2.54**41691709**4.743.58-6.282.992.20-4.07**5102713**7.045.17-9.594.162.95-5.87**6191750**12.549.49-16.568.025.89-10.93**N of ICD-9 procedures0 (ref)3138627**\<0.0001** ^**a**^1111642500**1.961.59-2.411.891.52-2.35**21061321**2.371.86-3.021.871.43-2.44**3110636**5.414.25-6.874.103.16-5.34**457321**5.434.06-7.564.082.92-5.68**554169**10.067.23-14.06.594.55-9.55**665148**13.8210.07-18.987.975.61-11.33**^a^χ^2^ test; ^b^all variables analyzed in the univariate analysis were included in the regression equation.*OR* odds ratio, *CI* confidence interval. Bold indicates statistically significant results.

Discussion {#Sec8}
==========

In the whole period considered a significantly higher rate of hospital admissions in the ID Department for MDC-25 (HIV/AIDS), MDC-07 (Diseases and Disorders of liver, gallbladder and pancreas), MDC-18 (Infectious and parasitic diseases), and MDC-04 (Diseases and disorders of the respiratory system) can be observed if compared with the rate of admissions registered in Italy in 2010 in all public hospitals so as they can represent specific conditions for the ID Departments \[[@CR14]\].

This study showed a marked change in the type of ID which resulted in hospital admission during the period 1995--2011. The most striking change was the decrease in hospital admissions for HIV/AIDS from 84.4% of all hospital ID admissions in 1995 to 28.3% in 2011. This was primarily due to the changes in the clinical characteristics of HIV/AIDS after the introduction of HAART in 1996. The disease was initially characterized by acute and life-threatening opportunistic infections and cancers needing hospitalization in acute care hospitals; after the widespread use of HAART in the industrialized world, HIV/AIDS changed to a chronic disease mainly managed in outpatient settings. The HIV Research Network described a decrease in the all-cause hospitalization rate for persons living with HIV/AIDS from 35/100 person-years to 27/100 person-years from 2002 to 2007, and an increase in hospital admission rates for cardiovascular, renal and pulmonary conditions associated with HIV infection \[[@CR15]--[@CR18]\]. However, the drop in admissions for HIV infection was quickly replaced with an increase in admissions for other infectious diseases.

The second most important change observed in this study was the aging of the admitted patients. In the 1990s, the great majority of patients were young HIV-infected patients, but now patients are more likely to be middle-aged or old patients with chronic-degenerative comorbid conditions. The most marked increase in hospital admission was recorded for patients aged \> 75 years, with a mean increase in ID admissions of more than 20 cases per year.

Aged patients and comorbidities could, in part, explain the increase over time of the complexity of admitted patients, with increases in the mean number of ICD-9 codes and procedures, hospital LOS, and rate of HSOT. One of the limits in the definition of the overall complexity of the patients admitted is the lack, in the hospital discharge card, of a reliable method for the evaluation of this parameter. It would be of interest to include the age-adjusted Charlson Comorbidity Index in the hospital discharge card, not only for clinical and epidemiological reasons, but also to adjust for the overall clinical complexity of cases the financial reimbursement system (DRG system).

The decrease in LOS over the whole period is apparently in contrast with the higher clinical complexity measured by the number of ICD-9c and ICD-9p for each patient. The greatest difference was observed in the years 1996--1997 when the mean LOS fell from 27.13 days to 16.33 days and thereafter remained stable. The dramatic drop was related to the changes in healthcare funding for hospitalizations rather than to changes in clinical/epidemiological parameters. The Italian Finance Act No 724/94 introduced hospital funding on a "per case" basis from calendar year 1995. The mean adjustment period of the system to reach equilibrium was 3 years. After this period a significant decrease in the total number of in-hospital beds for acute diseases (−24.8% from 1995 to 2003), an increase in the activities volume, and a decrease in LOS was observed in all Italian public hospitals \[[@CR19]\]. After 1997, we found that the overall LOS remained stable, but there were significant differences among MDCs: the hospital LOS increased significantly for MDC-05, −06, −08, −09, and −18, and decreased for MDC-07 and −25.

In the adjusted model for sex and age group, an increasing trend for infections of the cardiovascular system, and for infections and parasitic diseases, and a decreasing trend for infectious diseases of the liver, and for HIV/AIDS was confirmed.

A strong association was found between older age and delayed discharge, with longer LOS and higher rates of HSOT. An association between older age and comorbid conditions has already been reported, with longer hospitalization in patients with community-acquired pneumonia, chronic obstructive pulmonary diseases, and post-surgical complications \[[@CR20]--[@CR22]\]. In our analysis, long hospitalization was related to a greater disease burden measured by the number of ICD-9c and ICD-9p, which mainly occurred in older patients. Our data confirm a high rate of HSOT in patients with complicated or post-surgical infections, or in severely immunocompromised patients with non-AIDS-related conditions (bone marrow transplant, leukemia). In a previous retrospective analysis, prolonged hospitalizations were observed in elderly patients with a primary diagnosis of sepsis (43.1%) and neurological disorders (16.1%); the two most common factors contributing to a delay in discharge were social issues (39.4%) and sepsis (34.3%), which was mostly hospital-acquired (78,7%) \[[@CR23]\]. Longer hospitalization not only increases costs, but it is also associated with increased risk of hospital-acquired infections.

One of the limitations of our retrospective analysis of hospital discharge records was the inability to define the proportion of nosocomial infections, or infections from highly resistant pathogens which may have contributed to an extended hospital stay. The analysis could not evaluate the extent to which social issues contributed to delayed discharge, and which may be particularly relevant in foreign-born patients and the elderly. In Italy, the proportion of the population older than 75 years is about 10%, one quarter live alone, and they account for 17.7% of healthcare expenditure \[[@CR24]\]. With progressive aging of the population and longer life expectancy, the demand for healthcare in the elderly will increasingly impact on the healthcare system, and the need for post-acute treatment will become increasingly important.

In recent years, there has been an ongoing attempt to move toward healthcare outwith hospitals. The sub-acute care units, recently introduced in Italy as part of the reorganization of the healthcare system, meet the need for the post-acute management of certain conditions requiring long-term anti-infective treatments (osteomyelitis, prosthesis infections, wound and ulcer infections, endocarditis, etc.). However a more comprehensive reorganization of the system outside acute care hospitals is probably needed for the control of acute and chronic ID including constant surveillance of the microbial landscape, public health efforts to contain emerging or re-emerging threats, efficient analysis of surveillance data, and new discoveries in ID therapeutics.

Conclusions {#Sec9}
===========

The social and demographic changes in the population, and the changes in the epidemiological patterns of IDs, outlined in this study, need constant and careful monitoring at local and national levels. Despite progress in their treatment and management, IDs continue to be a major threat to human health even in industrialized countries. We believe that appropriately equipped medical centers with high expertise will still be essential in the future. In addition team-based primary care models, including ID specialists to monitor anti-infective drugs and the containment of drug resistance, post-acute care services, improvements in non-institutional care for seniors with chronic infective and non-infective conditions, and, eventually, expanded use of electronic e-health services are essential to properly control IDs and healthcare costs.
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